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A total of twelve a,B-unsaturated nitro compounds of
the form Ar-C=C-NO

2

(where Ar=phenyl, o-methylphenyl, mesityl,

R
1-naphthyl, and s-naphthyl; R=hydrogen, methyl, ethyl, and
phenyl) were prepared and irradiated with ultraviolet light.
When the corresponding 1-oximinoketone was formed, it was
recovered and identified.

Six of the 1 ,s-unsaturated nitro

compounds and one a-oximinoketone had not been previously
reported.

Yields of irradiation products were determined

and a kinetic study performed on these.
The effect of substituents size at the p -position of
I.:-unsaturated nitro compounds was investigated.

o re-

arrangement to the 1-oximinoketone occurred in ?-nitrostyrene
whereas the oxime was recovered for

-methyl, 3-ethyl, and

3-phenyl q,8-unsaturated nitre compounds.

The rate of

rearrangement was not largely affected by the substituent
size, although some increase in rate was noted for the
ethyl compound.
The rearrangement was found to be highly dependent on

steric interference by ortho substituents on the aromatic
ring.

One o-methyl group slowed down the reaction rate and

two o-methyl groups completely halted rearrangement to the
oxime.

Rearrangement of 1-(/-naphthyl)-2-nitropropylene

appeared to be hindered by adjacent hydrogens whereas
1-(3-naphthyl)-2-nitropropylene rearranged to the oxime at
a rate 1.68 times the rate of ,s-methyl-,i-nitrostyrene.

An

explanation for these observations is proposed in terms of
structural considerations.

CHAPTER I
INTRODUCTION
The photochemical rearrangement of 3-methyl--nitrostyrene
to an 1-oximinoketone was discovered in 1964 by Chapman and
co-workers.1 The lack of reactivity of 1-pheny1-B-nitrostyrene with cyclohexene when irradiated with ultraviolet
light was believed to be due to steric interference caused by
addition of an out of plane aromatic ring.

In an attempt to

resolve the steric affect, a methyl substituent was added at
the

-position and irradiation done in styrene or tetramethyl-

ethylene.

Instead of the expected addition product, however,

1-phenyl-1,2-propanedione-1-oxime was formed in 779" yield.
In 1966 it was suggested that acetone might be acting as
a sensitizer in the rearrangement to the /-oximinoketone.2
Recently it has been suggested by !atsuura and co-workersthat there was no significant solvent dependency on product
distributions when substituted t3-nitrostyrenes were irradiated.

The effect of solvent on the photochemical rearrange-

ment of e—methyl-s-nitrostyrene was investigated by Chen
and it was concluded that acetone was not a necessary
sensitizer since other aqueous solvents also pave high yields
of the a-oximinoketone.

It was also noted that S-nitrostyrene

failed to form the a-oximinoketone when similarly irradia
ted.
1

2

It was suggested that the 3 -methyl group promoted the
rearrangement.
Substituent effects have been investigated by Finhey
and ':-Jzzardo,5 by rang,6 by latsuura and co-workers,3 and
by KaFsaee.7

It was found that electron withdrawing groups

at the para and meta position of the phenyl ring tend to
inhibit formation of 1-oximinoketone and promote cleavage of
the styrene while electron donating substituents at the ortho
position of the phenyl ring promoted the formation of the
-oximinoketone.
Steric effects involved in the nitro-nitrite rearrangement of S-nitrostyrene and its derivitives had not been investigated until this study was made.

In a few cases it was not

known what rearrangement products, if any, would be formed
under irradiation.

Irradiation of twelve a,B-unsaturated

nitro compounds was done and the products studied.

Six of

these 1,s -unsaturated nitro compounds and one oxime had not
been made prior to this time.

The yields of irradiation

products were determined and a kinetic study was performed.

CHAPTER II
HISTORICAL

8 reported
on the irradiation of nitro-

Biichi and Ayer

benzene (I) in cyclohexene and in 2-methy1-2-butene (II) to
form carbonyl products, azobenzene (IV) and a complex mixture
of other compounds. The intermediate suggested was 1,3,2dicxazolidine (III).

No2 ,

H3
,
N

0,c1-13
r\j/ C-CH3

,,H3
,—/

H3C

H3
IV
+ Carbonyl Products
+ Other Froducts

Charlton, Liao, and dekayo9 have investigated further
this intermediate formation and reaction of nitrobenzene
with a number of alkenes.

An n,

* triplet slate and two-

tep electrophilic process was proposed for the reaction.
The photochemical reduction of nitrobenzene has been
observed

10

and involves the transfer of 4 h atoms to form first

the phenylhydroxylamine (V).

If oxygen is present, nitroso-

benzene (VI) is formed which then couples with (V) to form
azoxybenzene (VII).

NO2

hv
4H

H20

1

dark

NHOH

r- \
/ \\ NO

H20

VI

NHOH

dark

---N‹

H20

V II

Intramolecular hydrogen abstraction has been observed
"
for o-nitrotoluene (VIII) to form an a.,:i-nitro tautomer (IX).

hv

.• 1

Kitaura and Y.atsuura13 irradiated 2,4,6-trimethylnitrobenzene (X) and found that formation of the corresponding
mesityl aci-nitro tautomer (XI) was hindered comparea to formation of (IX).

hi'
dark

Irradiation of (X) in dried benzene gave almost quantitave recovery of the starting material (X).

When undried

benzene was used as solvent 2,4,6-trimethylphenol (XII) was
the sole product.

hi
,

dried
benzene

'..)tarting Material

H3
hi/

undried

hi3C

benzene

CH3
xii

It was proposed that (XII) is formed as a result of the outof-plane nitro group of the mesityl ring and an n,
state.

* excited

The plane of the nitro group is almost at right angles

(66° by x-ray crystal studies)14 to the mesityl ring and is
considered to be nonconjugated with the mesityl ring.

The

plane of the nitro group of (VIII) is considered to be nearly
the same as the plane of the toluene ring (the angle is estimated at 300)15 and conjugation is proposed.
In the n.

* excited state the half-vacant nonbonding

orbital of oxygen can overlap the adjacent orbital of the
mesityl ring leading to formation of an oxaziridine ring (XIII)

which then collapses to the nitrite (XIV) with subsequent
cleavage and hydrogen abstraction to (XII).

3
-NO
NO +hi

H3C

CH3
H c
3
H3

CH3
XIV

XIII

XII

Kancko, Yokoe and Sachiko16 irradiated 4-nitropyridine1-oxide (XV) with continuous nitrogen flush and 4-hydroxyaminopyridine-1-oxide (XVI) was formed in almost quantitative
yield.

The nitrate of 4-hydroxpypridine-1-oxide (XVII) was

formed in 60 to 65% yield when oxygen was present in the
irradiation mixture.

NHOH
NO-)

hv
N2

0
02

Kancko, Yamada and Yokoe 17 similarly irradiated

3,5-

dimethy1-4-nitropyridine-1-oxide (XVIII) and 3.5-dimethyl4-hydroxypyridine-l-oxide (XIX) alone was formed either with
or without oxygen being present in the irradiation mixture.

H

OH

NO2
C H3

H3C

f\lk

XVIII

In (XVIII) the nitro group was believed to be forced out of
the plane of the pyridine ring by the two o-methyl groups.
Formation of an n,

excited species is facilitated by the

steric features of the molecule resulting in formation of the
oxaziridine ring (XX).

The oxaziridine ring then collapses

to the nitrite (XXI) with subsequent formation of (XIX).

O\.
NO2
H3CCH3

H3C

CH3

ONO
H3C
CH3

Plotolysis of 2-nitronaphthalene (XXII) is considered
to form 2-naphthylhydroxylamine (XXIII) when 2-propanol is
used for solvent and a continuous nitrogen flush is used
during photolysis.

18

Trotter and Testa,19 however, observed

no photochemical change when 1-nitronaphthalene (XXIV) was
similarly irradiated in 2-propanol.

In both cases the

NHOH
I PA
XXIII

XII

IPA

No Detectable Change

XXIV
triplet state is proposed.
gated.

Steric factors were not investi-

It has also been found that 1-nitronaphthalene does

not undergo cycloaddition after prolonged Irradiation.
1,20
Chapman and co-workers
found that irradiation of
2,-dimethyl-1-nitronaphthalene (XXV) in the absence of oxygen
pave mainly the dimer (XXVI) plus 2,3-dimethy1-1,4-naphthcquinone (XXVIII).

The products from this photolysis suggested

that a complex pathway leading to various products from a
common intermediate might be possible.

9-nitroanthracene

(XXIX) was chosen by Chapman and co-workers as tne molecule

CH3
NO2
CH3

CH3

CH3

CH3
CH

6H

XXV

XXV III

with a similar structure for further study.

Irradiation of

(XXIX) in the absence of oxygen produced anthraquinone (XXX),
10,10-bianthrone and anthraquinone monoxime (XXXII).

„
XXIX

10
Chapman concluded that the structural similarities between
1-nitro-2,3-dimethylnaphthalene and 9-nitroanthrancene were
responsible for the nitro-nitrite rearrangement.

The similar-

ity in structure arises from the fact that in 1-nitro-2,3dimethylnaphthalene the nitro group is located between a
pen -hydrogen and an o-methyl group (XXXIII) and in 9-nitroanthracene the nitro group is between two peri-hydrogens
(XXXIV).

:his arrangement brought about the out-of-plane

orientation of the nitro group (85° in the crystal).21

These

rearrangements were conveniently described in terms of an n,
II* excited state, where the nitro group is almost at right

H3
H3
XXXIV

anrles to the aromatic ring and essentially nonconjugated
with the ring (XXXV).

The overlap of the nonbonding orbital

of nitro oxygen with the r system of the aromatic ring causes
formation of an oxaziridine ring (XXZVI) which collapses to
form the nitrite (XXXVII).

The nitrite loses NO. leading to

formation of the dimer (XXXVII) or the oxime (XL).

In considering the structure of

.R
,c17-7X
Ar
-NO

type compounds
2

(Ar-r-aromatic ring, R=H, alkyl or phenyl) it is noted that
these compounds can form structures similar to those previously discussed.

In the case of

-nitrostyrene (XLI) the

C
0
X Li

nitro group is considered to be in the same plane as ethylene
and the aromatic ring.

The structure of (XLI) is similar in

many respects to that of nitrobenzene (I).

Irradiation of

.-nitrostyrene (XLI) has resulted in cis-trans isomerism.22,23
Fhotodimerization of (XLI) in the solid state has been ob24
sered.
Photoaddition of (XLI) to alkenes has also been
reported.1

Photochemical rearrangement has not been reported

for (XLI).

•

h

H
,H
0:C=C
NO2
cis

X LI

XLII

••••••••

LI

XLIII

H„NO2

NO2

h

XLI

In contrast to

XLIV

--nitrostyrene the structure of

..methyl-

:-nitrostyrene (XLVI) is probably such that the nitro group
is forced out of the plane of the phenyl and ethylene group.
This out-of-plane configuration is like those previously

discussed for 1-nitro-2,3-dimethylnaphtha1.ene (XXXII') and
9-nitroanthracene (XXXIV).

As a result of this out-of-plane

configuration Chapman and co-workers

1

have found that (XLVI)

rearranges upon photolysis fo form 1-pheny1-1,2-propanedione1-oxime (XLVII).

,CH
=C
NO2

C
Ht=C'H3
b NO _

H„CH3
0- -NO

XLVI

„CH -4
C\?.

An analgous rearrangement has been encountered` for
6-nitrocholesta-3,5-diene (LI) to form )-oximinocholest4-en-6-one (LII).

The nitro group of (LI) is forced out of

the plane of the double bond by the C-4 hydrogen so that

HON

LI

LII

I

conjugation is inhibited and the reaction is facilitated.
Finhey and Rizzardo5 found that cis-nitrostilbene ( phenyl-:-nitrostyrene) (LIII) was converted in high yield
into benzil monoxime (1.2-diphenylethanedione-oxime) (LIV).

H,
NO2
c=c
C—C

hzi

trans

cis

LIV

LIII
A series of substituted

-alkyl- -nitrostyrenes was

investigated by INIatsulAra and co-workers3 who observed rearrangement to the oximinoketone in high yield upon irradiation.
4
Chen found that water played an important role in promoting the reaction and also suggested that the rearrangement
could be sensitive to substituents on the phenyl ring.

Tang

and Kassaee7 investigated substituent effects and found that
electron withdrawing groups at the para and meta positions
inhibit the rearrangement and electron releasing groups at the
ortho position promote the rearrangement to the .-oximinoketone.
Two important structural considerations were derived
from previous experimental work on aromatic nitro compounds
and e-nitrostyrenes:

The

-nitro group of styrene compounds

lt
might be forced out of the plane of the phenyl ring by ortho
groups on the ring or it might be forced out of the plane of
the ring by substituents on the
group.

--position of the ethylene

The out-of-plane configuration could bring about the

nitro-nitrite rearrangement when irradiated with ultraviolet
light.

It was decided to investigate whether the nitro-

nitrite rearrangement to the oximinoketone would occur when
the :
,-nitro group was forced out of the plane by ortho substituents on the aromatic ring.

The effect on the rate of the

reaction by adding larger substituents on the

-position of

styrene compounds had not been previously investigated.

It

seemed that this was also an important steric consideration
and a kinetic study was performed to investigate this effect.

CHAPTER III
EXFERIMENTAL

I.

Instrumentation
Infrared spectra were recorded on 3eckman

odel I.P.-8

infrared spectrophotometer using a thin film between sodium
chloride cells if the material was liquid or a potassium
bromide pellet if the material was a solid.

Ultraviolet

spectra were recorded on a Cary 14 recording spectrophotometer.
I.:ass spectra were obtained courtesy of The University of
Kentucky, Lexington, Kentucky.

pelting points were done on

a Fisher-Johns melting point apparatus and were reported as
uncorrected.

A rotary evaporator was used to remove solver

when distillation was not used.

N.V.. were recorded on a

Varian A6OD 60 MHz instrument.
II.

Irradiation Apparatus
Irradiations were done with a Eanovia type A-36 550 watt

medium pressure mercury arc lamp.

The lamp was inserted into

the immersion well of a jacketed pyrex tube.
The pyrex tube was equipped with a 60/50 standard taper
joint which had been wrapped with teflon tape.

The tube was

fitted into a 550 ml. capacity reaction vessel also equipped
with a 60/50 standard taper joint.

:he reaction vessel con-

tained three side-arm exits near the top to accommodate a
thermometer, gas dispersion tube, and a condenser if necessary.
The solution was stirred continuously during irradiations
17

by means of a magnetic stirrer.

Nitrogen gas was bubbled

through the solution for 1/2 hour prior to irradiation and
continuously during the irradiation.

The temperature of the

solution was monitored during each irradiation using a ColeFarmer model 8390-3 electronic thermometer.

The water flow

through the cooling jacket of the pyrex tube was adjusted to
maintain a temperature readout below 4C°C on the thermometer.
The kinetic study was done by removing aliquots at
various time intervals by means of a syringe and diluting a
one mi. aliquot to 100 ml.

Ultraviolet spectra of these

solutions were run from 400 nm to 200 nm and the disappearance of the unsaturated nitro group was measured.
III.

Gas Chromatography
Irradiation products were analyzed on a Varian model

1720 dual column gas chroratograph and a Leeds and Northrup
recorder with a model 224 Disc Integrator and model 610
Automatic Printer.

The method of Rosie and Grob

2

was used to

quantitatively determine the yield of the rearrangement product.
An internal standard was chosen with a retention time
different from starting material and irradiation product.

A

solution containing an X11 mole ratio (X=1, 2. or 3) of irradiation product to internal standard was prepared using ethanol
or acetone as solvent.

A 1

to 2 4. sample of this was injected

into the gas chromatograph and the number of counts of irradiation product to internal standard was calculated to give the

relative response factor.

The unsaturated nitro compound

was irradiated and, following the irradiation, the internal
standard was added corresponding to the same molar ratio as
determined for relative response factor.

The solvent was

concentrated or removed by a rotary evaporator.

Either acetone

or alcohol was added to dissolve the concentrate and 1 to
pl. injected In the gas chromatograph.

3

The ratio of product

counts to interna! standard counts was calculated and divided
by the relative response factor to give the molar percent of
irradiation product formed.
The 5 foot 20% SE-30 (silicone gum rubber) on Chromasorb
W(60/50 mesh) was most frequently used for the gas chromatographic analysis.
as follows:

.ith this column instrument settings were

detector temperature 3000C; injection port tem-

perature 250°C; oven temperature 1700C; filament current, 150
milliamps; average helium flow rate, 150 ml/min.; attenuation.
xi.
For the nitrostilbene irradiation product it was found
that a

E foot 10% Carbowax 20 m on Chromasorb W worked best

using the following conditions:

detector temperature 300°C;

injection port temperature, 2500C; oven temperature, 1700C;
filament current, 150 milliamps; average helium flow, 60 ml/
min.; attenuation xl.
For 1-( -naphthyl)-2-nitropropylene and irradiation product it was necessary to 'use

5 foot 3% SE -30 on Chromasorb w

(60/50 mesh) using the following conditions:

detector tempera-

ture 3000C.; injection port temperature. 250oC.; oven temperature 1950C.; filament current, 150 milliamps; average helium
flow 150 ml/min.; attenuation xl and x2.

The oxime of 1-(--

naphthyI-2-nitropropy1ene gave a broad peak and was extremely
difficult to analyze quantitatively.
IV.

preparation of (1.6-Unsaturated Nitro Derivatives
(A)

ecrystallization of --nitrostyrene

-nitrostyrene was purchased from Aldrich Chemical Co.
(M.P. 57-59°C.) and recrystallized once from 95% denatured
ethanol to give bright yellow crystals with a melting point
of 56-57°C.

(reported26 58-59°C.).

(B)

Synthesis of P-methyl—nitrostyrene

(1)

The method of Gairaud and Lappin

prepare !-methyl-:-nitrostyrene.

26

was used to

10.0 ml. of benzaldehyde

(.1 mol.), 10 ml. of nitroethane (.1 mol.) and 5 gms. of
ammonium acetate were dissolved in 50 ml. of glacial acetic
acid.

The solution was refluxed for 2 hours and allowed to

cool overnight.
ice.

It was then poured into about 300 gms. of

The crystals were collected by vacuum filtration and

crystallized several times from .95 ,.; denatured ethanol to give
7.0 grams of light yellow needles.

The melting point was

63-64°C. (reported26 64-65°C.).
(2)

The method of Robertson

r -methyl- -nitrostyrene.

27

was also used to prepare

10.1 grams of benzaldehyde (.1 mol)

was dissolved in 50 ml. of benzene and 7.32 gms, of n-butylamine (.1 mol) was added to the solution.

The mixture was then

21
refluxed for one hour, and 1.8 ml. of water was collected in
a modified Dean-Stark distillation trap indicating complete
conversion to the Schiff base.

The benzene was removed from

this mixture by vacuum distillation and the resulting Schiff
base cooled to room temperature.
added to

The Schiff base was then

7.5 gms. of nitroethane (.1 nol) in 25 ml. of glacial

acetic acid.

This mixture was allowed to stand overnight

and then poured into 200 gms. of ice.

After seed crystals

were added the crystallized product was collected and recrystallized twice.

4.0 gms. of light yellow needles with a

melting point of 63-64°C (reported26 64-65°C) were collected.
(C)

Synthesis of S-ethyl-9-nitrostyrene

(1)

The method of Gairaud and Lappin

prepare 6-ethyl-B-nitrostyrene.

26

was used to

Two different syntheses were

carried out using 10 ml, of benzaldehyde (.1 mol), 8.7 ml. of
nitropropane (.1 mol), 5.0 gms. ammonium acetate and 50 ml. of
glacial acetic acid.

The two different mixtures were refluxed

5 hours and 8 hours respectively and allowed to stand one day
before pouring into ice.

12.0 Frs. of impure, amber oil was

collected in both cases.

The two oils were combined and

vacuum distilled.

The 105 to 175°C fraction was collected

and vacuum distilled once more.

10.0 gms. of the bright yellow

120 to 160°C fraction was collected (reported
mm).

28

125-129°C 10

The infrared spectrum showed prominent peaks at 2980,

1510, 1450, 1325, 1210, 1015, 940, 860, 800, 750, and 690
cm-1.

A T.L.C. plate using benzene as carrier showed only

one spot and did not match the starting materials.

(2)

The method of Robertson

,-ethyl-b-nitrostyrene.

27 was also used to prepare

10.1 gms. of benzaldehyde (.1 mol)

was dissolved in 50 ml. of benzene and 7.3 gms. of n-butylamine (.1 mol) was added to the solution.

The mixture was

refluxed for one hour and 1.8 ml. of water was collected in
the Dean-Stark distillation trap indicating complete conversion to the Schiff base.

The benzene was removed by vacuum

distillation and the resulting Schiff base was cooled and
added to 8.8 ml. (.1 mol) of 1-nitropropane in 25 ml. of
glacial acetic acid.

This mixture was allowed to stand at

room temperature for two days and then poured into about 200
gms. of ice.

The yellow oil was collected and vacuum dis-

tilled yielding 10.4 gms, of the 90 to 168°C fraction (reported28 125-129°C 10 mm).

The oil was recrystallized once

by chilling and filtering while cold.

The recrystallized

product was used for irradiation product analysis and for the
kinetic study.

The infrared spectrum showed prominent peaks

at 2980, 1510, 1450, 1325, 1210, 1015, 940, 860, 800, 750,
and 690 cm-1.
(D)

Synthesis of t,itrostilbene

(1)

Freparation of Fhenylmethylnitrite

Phenylmethylnitrite was not available commercially for
the preparation of nitrostilbene and it was prepared using the
method of KornblumP 13() 12.0 gms, of urea was dissolved in
150 ml. of dimethylformamide which had been dried over
calcium hydride for several hours.

10.5 gms, of sodium

nitrite (.15 mols.) which had been dried for one hour at 105°

C was dissolved in the solution and chilled to -1

to -2000.

17.1 gins. (.1 nol.) of chilled benzyl bromide was added to the
mixture and the solution maintained at -16° to -20°C for
three hours.

The mixture was poured into about 300 gms, of

ice and the crude yellow oil was collected and used in the
preparation of nitrostilbene.

In one preparation this proce-

dure was modified slightly by using 24 gms, of dried sodium
nitrite, 34.3 gms, of benzyl brodmide. 24 Ems, of urea and
400 ml. of dimethylformamide.

The solution was chilled to -16°

to -20°C and maintained at that temperature for

3.5 hours.

The solution was then poured into ice and the yellow oil
collected and dried over sodium sulfate.

The T.L.C. showed

two spots with one of the spots matching that of benzyl bromide.

The infrared spectrum showed prominent peaks at 3040,

2990, 1650, 1550, 1495, 1440, 1370, 1310, 1250, 1200, 1090,
1025, 960, 900, 780, 740, and 690 cm-I.
(2)

Preparation of Nitrostilbene

The method of Robertson
bene.

27

was used to prepare nitrostil-

10.1 gms, of benzaldehyde (.1 mol.) was dissolved in

50 ml. of benzene and 7.3 gms, of n-butylamine (.1 mol.) was
added to the solution.

The mixture was refluxed for one hour

and 1.8 ml. of water was collected in the Dean-Stark distillation trap indicating complete conversion to the Schiff base.
The benzene was removed by vacuum distillation and the resulting Schiff base was cooled and added to 12 gms, of the crude
phenylmethylnitrite in 25 ml. of glacial acetic acid.
mixture was allowed to stand at room temperature for

The

3 days

21:
and then poured into 300 gms. of ice.

Crystallization was

difficult but finally gave yellow crystals after standing
overnight in the freezer.

7.0 ems. of light yellow needles

resulted from two syntheses.
(reported 27 73-74°C).

The melting point was 73-74°C

The infrared spectrum showed prom-

inent peaks at 3060, 1650, 1515, 1495, 1445, 1370, 1325,
1210, 1160, 1070, 965, 925, 770, 750, 710, 705, and 685 cm-1.
(E)

Preparation of o-methyl-:-nitrostyrene

The method of Robertson27 was used to prepare o-methylnitrostyrene.

25.0 gms. of o-tolualdehyde (.2 mols.) was

dissolved in 100 ml. of benzene and 15.4 gms. of n-butylamine (.2 mols.) was added to the solution.

The mixture was

refluxed for one hour and 3.9 ml. of water was collected in
the Dean-Stark distillation trap indicating complete conversion to the Schiff base.

The benzene was removed by vacuum

distillation and the resulting Schiff base was cooled and
added to 12.8 gms. (.2 mols.) of nitromethane in 50 ml. of
glacial acetic acid.

The mixture was allowed to stand for

one day at room temperature and then poured into about 500
gms, of ice.

An amber oil was collected and vacuum distilled.

The 158 to 175°C fraction yielded 25 gms, of yellow oil.
The infrared spectrum showed prominent peaks at 3120, 1630,
1600, 1510, 1340, 1295, 1250, 1215, 960, 830, 755, and 720
-1
cm . The mass spectrum showed a parent peak at 163 with
other fragments at 148. 117, 116, 115, 105, 104, 91, 90,
89, 79, 77, 65, 50, and 39 m/e.

The structure of o-methyl-

3-nitrostyrene was in aereement with these spectra.
(Fl }reparation of o-methyl- - -methyl-:-nitrostyape
The method of Robertson 27 was used to prepare o-methyl:—methyl--nitrostyrene.

24.0 gms, of o-tolualdehyde (.2 mols.)

was dissolved in 100 ml. of benzene and 15 gms. of n-butylamine (.1 mol.) was added to the solution.

The mixture was

refluxed for one hour and 3.E ml. of water was collected in
the Dean-Stark distillation trap indicating complete conversion to the Schiff base.

The benzene was removed by

vacuum distillation and the resulting Schiff base was added
to 14.6 gms. (.2 mols.) of nitroethane in 50 ml. of glacial
acetic acid.

The mixture was allowed to stand for 2 days at

room temperature

ELIfi

then poured into about 500 gms. of ice.

An amber oil resulted which finally formed yellow crystals
after several hours at about -10°C.

11.0

is. of bright

yellow solid resulted after several recrystallizations.
melting point was 44-45°C (reported7 46-47°0).

The

The infra-

red spectrum showed prominent peaks at 1640, 1600. 1510,
1380, 1320, 1315, 970, 910, 860, 785, 755, and 700 cm-1.
(G)

Ireparation of 1-(2,4.6-trimethylpheny1)-2-

nitroethylene
The method of Robertson27 was used to prepare 1-(2,4,6trimethylphenyi)-2-nitroethylene.

10.0 gms. of mesitaldehyde

(.067 mols.) was dissolved in 30 ml. of benzene and 4.4 gms.
of n-butylamaine (.0(7 mols.) was added to the solution.

The

mixture was refluxed for one hour and 1.2 ml. of water was
collected in the Dean-Stark distillation trap indicating

7,omp1ete conversion to the Schiff base.

The benzene was

removed by vacuum distillation and the resulting Schiff
base was cooled and added to 4.2 gms. (.07 mols.) of nitromethane in 20 ml. of glacial acetic acid.

The mixture was

allowed to stand for two days at room temperature and the
crystallized mixture was poured into about 200 gms. of ice.
The bright yellow needles were collected and recrystallized
once from 95% denatured ethanol to give 3.2 gms. of product
melting at 124-125°C.

The infrared spectrum showed prominent

peaks at 1625, 1600, 1500, 1330, 1145, 1030, 960, 830 and
710 cm

-1
.

The mass spectrum showed a parent peak at 191 with

other fragments at 176, 174, 161, 1t0, 147, 144, 119, 115, 105,
91, 77, (5, 63, 51, 39, 27, and 18 m/e.

The structure of 1-

(2.4,6-trimethylpheny1)-2-nitroethylene was in agreement with
these.
(1.) „Freparation of 1-(2.4.6-trimethylpheny1)-2nitropropylene
27
rhe met.hod of Robertson ' was used to prepare 1-(2,4,6trimethylpheny1)-2-nitropropylene.

10.0 gms. of mesitalde-

hyde (.067 mols.) was dissolved in 30 rl. of benzene and 4.4
gms. of n-butylamine (.067 mols.) was then added to the
solution.

The mixture was refluxed for one hour and 1.2 ml.

of water was collected in the Dean-Stark distillation trap
indicating complete conversion to the Schiff base.

The

benzene was removed by vacuum distillation and the resulting
Schiff base was cooled and added to 5 gms. (.7 mols.) of
nitroethane in 20 ml. of glacial acetic acid.

The mixture

27
was allowed to stand for 3.5 days at room temperature and
then poured into about 200 gms. of ice.

Pale yellow crystals

were collected and recrystallized once from 95 denatured
ethanol to give 3.8 rms. product with a melting point of 5859.5°C.

The infrared spectrum showed prominent peaks at 2920,

1660, 1610, 1510, 1385, 1335, 1320, 980, 855, 725, and 715
-1
cm .

The mass spectrum showed a parent peak at 205 with

other fragments at 190, 188, 175, 159, 158, 148, 147, 141,
128, 119, 105, 91, 79, 78, 77, 65. and 39 m/e.

The structure

of 1-(2,4,6-trimethylpheny1)-2-nitropropylene was in agreement with these spectra.
(1)

Preparation of 1-(a-naphthyl)-2-nitropropylene

rhe method of Fobertson
thyl)-2-nitropropylene.

27 was used to prepare 1-(a-naph-

15.6 gms. of a-naphthaldehyde (.1

mol.) was dissolved in 50 ml. of benzene and 7.3 gms. of
n-butylamine (.1 mol.) was added to the solution.

The

mixture was refluxed for one hour and 1.8 ml. of water

Was

collected in the Dean-Stark distillation trap indicating
complete conversion to the :chiff base.

:he benzene was

removed by vacuum distillation and the resulting Schiff base
was. cooled and added to 7.3 gms. (.1 mol.) of nitroethane in
25 ml. of glacial acetic acid.

The mixture was allowed to

stand overnight at room temperature and then poured into
about 300 gms. of ice.

An olive green oil which finally gave

a greenish yellow crystalline solid resulted.

Several

recrystallizations from 95;', denatured ethanol yielded 9
gms. of bright yellow crystals with a melting point of 67-68°C

(reported 31

e5-e0c).

The infrared spectrum showed prominent

peaks at 3060. 1650, 1510. 1380, 1320, 1240, 965, 905, 800,
780. 750, and 720 cm-1.

The mass st,ectrum showed a parent

peak at 213 and other fragments at 198, 196, 182, 165, 152.
139, 128, 115. 82, and 63 m/e.

The structure of 1-(L-naphthyl)-

2-nitropropylene was in agreement with these spectra.
(LT)

Preparation of 1-(:-naphthyl)-2-nitroethylene

The method of Robertson27 was used to prepare 1-(tnaphthyl)-2-nitroethylene.

15.6 gms. of 1-naphtha1dehyde (.1

mol.) was dissolved in 50 ml. of benzene and 7.3 gms. of
n-butylamine (.1 mol.) was added to the solution.

The

mixture was refluxed for one hour and 1.8 ml. of water was
collected in the Dean-Stark distillation trap indicating
complete conversion to the Schiff base.

The benzene was

removed by vacuum distillation and the resulting Schiff base
was cooled and added to 6.2 gms. (.1 mol.) of nitrometnane
in 25 ml. of glacial acetic acid.

The mixture was allowed to

stand overnight at room temperature.

Crystals had formed

and these were collected and dissolved in 95% denatured ethanol.
Two more recrystallizations yielded 11 gms, of bright yellow
crystals with a melting point of 87-88°C.

Prominent infrared

peaks were at 3110, 1630, 1500, 1340, 1270, 1240, 950, 790,
and 770 cm-1.

The mass E-pectrum showed a parent peak at 199

with other fragments at 198, 167. 153, 152, 151, 127, 115, 76,

and 63 m/e.

The structure of 1-(-naphthyl)-2-nitroethylene

was in agreement with these spectra.

(K)

Ireparation of 1-(-naphthyl)-2-nitroethylene

The method of Robertson
naphthyl)-2-nitroethylene.

27

was used to prepare 1-1. -

15.( gins, of --naphthaldehyde

(.1 mol.) was dissolved in 50 ml. of benzene and 7.3 gms. of
The

n-butylamine (.1 mol.) was added to the solution.

mixture was refluxed for one hour and 1.8 ml. of water was
collected in the Dean-Stark distillation trap indicating
complete conversion to the Schiff base.

The benzene was

removed by vacuum distillation and the resulting Schiff base
was cooled and added to 6.2 gms. (.1 mol.) of nitromethane in
25 ml. of glacial acetic acid.

The mixture was allowed to

stand for 3 hours at room temperature and then poured into
about 300 ens. of ice.

After several recrystallizations

from 95% denatured ethanol 5 gms, of dark yellow crystals
with a melting point of 123.5-124.5°C resulted.

Prominent

infrared peaks were at 3110, 1630, 1500, 1330, 1265, 1235,
1155, 960, 820, 745, and 700 cm-1.

The mass spectrum showed

a parent peak at 199 with other fragments at 198, 167, 153,
152, 151, 127, 115. 76, 63, 51, and 18 m/e.

The structure

of 1-(.-naphthyl)-2-nitroethylene was in agreement with these
spectra.
Preparation of 1-(:-naphthyl)-2-nitropropylene
2'7
The method of Robertson' was used to prepare 1-(
naphthyl)-2-nitropropylene.

15.6 gms. of

-naphthaldehyde

(.1 mol.) was dissolved in 50 ml. of benzene and 7.3 gins. of
n-butylamine (.1 mol.) was added to the solution.

The mix-

ture was refluxed for one hour and 1.8 ml. of v.ater was col-

lected in the Dean-Stark distillation trap indicating complete
conversion to the Schiff base.

The benzene was removed by

vacuum distillation and the resulting Schiff base was cooled
and added to 7.3 gins. (.1 mol.) of nitroethane in 25 ml. of
glacial acetic acid.

The mixture was allowed to stand at

room temperature for 1 day and then poured into about 300
gins. of ice.

The crystals were collected and recrystallized

several times f,om 955 denatured ethanol yielding 12 gms, of
yellow powdery crystals with a melting point of 94-95°C. The
infrared spectrum showed prominent peaks at 3075, 1510, 1435,
1385, 1320, 1175, 1125, 985, 950, 925, 865, 855, 820, 760,
and 720 cm -1. The mass spectrum showed a parent peak at 213
with other fragments at 196, 1E2. 166, 165. 155, 152, 139,
128, 127, 115, 82.5, 63, 51, 50, 39, and 28 m/e.

The struct-

ure of 1-(6-naphthyl)-2-nitropropylene was in agreement with
these spectra.
V.

Fhotochemical Synthesis of Keto Oximes
(A)

Synthesis of 1-Fheny1-1.2-propanedione-1-oxime

2.0 gms. of

-methyl--rottrostyrene was dissolved in

about 450 ml. of 95% undenatured ethanol and the solution
degassed with nitrogen for 1/2 hour.

After this time the

solution was irradiated for 2 1/2 hours with ultraviolet light
while keeping the temperature below 3500.

The solution turned

a darker shade of yellow during this time.
The solvent was removed by vacuum distillation down to
about 2C ml. total volume.

The concentrated solution was

treated with activated charcoal and crystallized.

Two

1
additional recrystallizations gave .42 gms. of a white crystalline solid with a melting point of 171-172°C (reported32 166167°C).

The infrared spectrum showed prominent peaks at

3240, 3015, 1665, 1420, 1365, 1300, 1280, 1190, 1040, 1020,
995, 940, 910, 765, 730, 700, and (25 cm-1.
(B)

::ynthesis of 1-pheny1-1,2-butanedione-1-oxime

2.0 foms. of .-ethyl-H-nitrostyrene was dissolved in
about 450 ml. of 95% undenatured ethanol and the solution
degassed with nitrogen for 1/2 hour.

After this time the

solution was irradiated for 2 hours with ultraviolet light
while keeping the temperature below 35°C.

The solution had

turned a darker shade of yellow at the end of the irradiation
time.

The solvent was removed with a rotary evaporator down

to a volume of about 50 ml. and then treated with activated
charcoal.

The solution was further concentrated to about 20

ml. and the oxime crystallized by placing in an ice bath.
One more recrystallization gave .5 gms. of a white crystalline
solid with melting point 152-153°C.

The infrared spectrum

showed prominent peaks at 3260, 2970, 1665, 1405, 1355, 1265,
-1.
1145, 1065, 1000, 990, 920, 885, and 680 cm
(C_)

Synthesis of 1.2-d1phenylethanedione-oxime

2.0 gms. of nitrostilbene was dissolved in about 450 ml.
of 95% undenatured ethanol and the solution degassed with
nitrogen for 1/2 hour.

After this time the solution was

irradiated for 2 hours with ultraviolet light while keeping
the temperature below 35°C.

i'he solution had turned a darker

shade of yellow at the end of the irradiation period.

The

solvent was removed down to a volume of' about 25 ml. and
treated with activated charcoal.

A small amount of water was

added to facilitate crystallization from the solution by chilling in an ice bath.

One more recrystallization gave .2 gms.

of white crystalline solid with melting point 137-138°C (reported

32

o
137 ).

The infrared spectrum showed prominent peaks

at 3400, 1640, 1440, 1360, 1300, 1205, 1000, 865, and 685

cm -1.
(1))

IrradiatIon of o-methyl- - -nitrostyrene

2.0 gms. of 0-methyl- -nitrostyrene was dissolved in
about 450 ml. of 95

undenatured ethanol and the solution

degassed with nitrogen for 1/2 hour.

After this time the

solution was irradiated for 2 hours with ultraviolet light
while keeping the temperature below 3500 and using continuous
nitrogen flush.

The solution turned only slightly darker

after the irradiation.
The solvent was removed down to a volume of about 20 ml.
and crystallization attempted.
be obtained.

Only a dark amber oil could

The remaining solvent was removed and the oil

was vacuum distilled at 145°C.

A yellow oil resulted with

an infrared spectrum shcwing prominent peaks at 3120, 1630,
1600, 1510, 1340. 1295, 1250, 1215, 960, 830, 755. and 720
-1
cm . This I.R. scan was identical to that of the starting
material.
(E)
1-oxime

Synthesis of 1-(o-methylpheny1)-1,2-propanedione

2.0 ens. of o-methyl-:-methyl--nitrostyrene was dissolved in about

0 ra. of

95% undenatured ethanol and the

solution degassed with nitrogen for 1/2 hour.

After this

time the solution was irradiated for 2 hours with ultraviolet
light while Keeping the temperature below 35°C.

Ihe solution

had turned from a shade of yellow to an orange color after
the irradiation.
The solvent was removed with a rotary evaporator down to
about 15 ml. total volume.

The solution was treated with

activated charcoal and another

5 to 10 ml. of solvent evapo-

rated before crystals would form.

These crystals were takIn

up and recrystallized once from water/ethanol and once from
benzene to give

.5 gms. of an off-white solid with a melting

point of 139-140°C (reported7 139-140°C).

The infrared scan

showed prominent peaks at 3200, 3030, 16o, 120, 1360, 1305,
1180, 1120, 1000,
(F)

945, 935, 795, 745, 725, and 625 cm-1.

Irradiation of 1-(2,46-trimethylpheny1)-2-nitro-

ethylene
2.0 gins, of 2,4,6-trimethylpheny1-2-nitroethylene was
dissolved in about 450 ml. of

955 undenatured ethanol and the

solution degassed with nitrogen for 1/2 hour.

After this

time the solution was irradiated with ultraviolet light for
2 hours while keeping the temperature below 350C.

The

solution had turned only slightly darker after the irradiation.
The solvent was removed with a rotary evaporator down
to a total volume of about 10 ml.

rile product was crystal-

lized from this solution and then recrystallized once more
1 ethanol to give .75 gms, of a yellow solid looking
from 95,
very much like the starting material.
les had a melting point of 51-52°C.

The pale yellow needThe infrared scan showed

prominent peaks at 3140, 2935, 1645, 1610, 1530, 1360, 1345,
1180, 850, 810. and 610 cm-1.

The mass spectrum of this

material matched that of the starting material.
(G)

Irradiation of 1-(214,6-trimethylpheny1)-2-nitro-

propylene
2.0 gms. of 1-(2,4,6-trimethylpheny1)-2-nitropropylene
was dissolved in about 450 ml. of 95% undenatured ethanol and
the solution degassed with nitrogen for 1/2 hour.

After this

time the solution was irradiated with ultraviolet light for
2 hours while keeping the temperature below 35°C.

The

solution turned only slightly darker after the irradiation.
The solvent was removed with a rotary evaporator down
to about 20 ml. and this was treated with activated charcoal.
After two recrystallizations a bright yellow crystalline
solid with a melting point of 65-66°C was obtained.

The

infrared spectrum showed prominent peaks at 2930. 1(10, 1530,
1440, 1385, 1340, 1135, 1010, 865, and 615 cm-1.

The mass

spectrum of this material matched that of the starting material.
(H)

Irradiation of 1-t -naphthx1)-2-nitroethylene

2.0 gins. of 1-(,-naphthyl)-2-nitroethylene was dissolved
in about 450 ml. of 95% undenatured ethanol and the solution
degassed with nitrogen for 1/2 hour.

After this time the

solution was irradiated for 2 hours with ultraviolet light

while keeping the temperature below 35.

The solution

turned a darker shade and became hazy after the irradiation.
A dark residue had formed on the immersion well of the irradiation apparatus.
The solvent was removed with a rotary evaporator to a
total volume of about 30 ml.

The solution was treated with

activated charcoal and the product crystallized from the
A yellow crystalline solid and a dark tar-like

solution.

material resulted.

The yellow solid was recrystallized again

to give yellow crystals with a melting point of 85-86°C.
The infrared spectrum of this solid showed prominent peaks
at 3110, 1630, 1500, 1340, 1270, 1240, 950, 790, and 770
cm

-1
.

The mass spectrum was identical to that of the starting

material.
Irradiation 1-( ,-naphthv1)-2-nitro_propylene

(I)

2.0 gms. of 1-(=-naphthyl)-2-nitropropylene was
dissolved in about 450 ml. of undenatured 95% ethanol and
the solution

egassed with nitrogen for 1/2 hour.

After this

time the solution was irradiated for 2 hours with ultraviolet
light while keeping the temperature below 350O.

The solution

turned from yellow to orange after the irradiation.
The solvent was removed with a rotary evaporator down
to a total volume of about 15 ml. and treated with activated
charcoal.

After numerous attempts at recrystallization no

crystals could be obtained.
sulted.

Only a dark sticky material re-

An infrared scan on this material showed prominent

peaks at 9300, 1680, 1625, 1515, 1980, 1200, 1160, 1090, 990,

795, and 770 cm-1.

Gas Chromatography of the material indi-

cated a mixture of several products which included L-naphthaldehyde and starting material.
(J)

Irradiation of 1-( -naphthyl)-2-nitroeth,rlene

2.0 gms. of 1-( - -naphthyl)-2-nitroethylene was dissolved
in about 450 ml. of 95% denatured ethanol and the solution
degassed with nitrogen for 1/2 hour.

After this time the

solution was irradiated for 2 hours with ultraviolet light
while keeping the temperature below 35°C.

The solution

turned a darker shade and became hazy after the irradiation.
A dark residue had formed on the immersion well of the irradiation apparatus.
The solvent was removed with a rotary evaporator down
to a volume of about 10 ml.

The solution was treated with

activated charcoal and the product was crystallized.

A dark

tar-like residue along with a lighter precipitate was collected.
The lighter precipitate was recrystallized several times but
did not give a pure crystalline solid.

An infrared spectrum

showed prominent peaks at 3100, 1630, 1560, 1500, 1330, 1265,
1235, 1115, 9(0, 820, 745, and 700 cm-1.

This spectrum and

the mass spectrum matched that of the starting material.
(K)

synthesis of 1-( -naphthy11-1_.2-propanedione-1-

oxime
2.0 gins, of 1-(-naphthyl)-2-nitropropylene was dissolved
in about 450 ml. of denatured 95,; ethanol and the solution
degassed with nitrogen for 1/2 hour.

After this time the

a

solution was irradiated for 2 hours with ultraviolet light
while keeping the temperature below 350C.

The solution

turned from yellow to orange after the irradiation.
The solvent was removed with a rotary evaporator down
to a volume of about 10 ml. and treated with activated charcoal.

The product was crystallized from the solution and

then recrystallized to give an off-white solid with a melting
point of 156-157°C.

The infrared spectrum showed prominent

peaks at 3250, 1670, 1360, 1290, 1160, 1125, 1020, 980, 950,
930, 820, 740, and 630 cm-1.

The mass spectrum showed a

parent peak at 213 and with other fragments at 183, 153, 154,
127, 126, 76, 75, 62, 60, 51, 43, 39, 28, 18, 17, and 15 m/e.
The structure of 1-(?-naphthyl)-1,2-propanedione-1-oxime
was in agreement with these spectra.
(L)

Irradiation of

2.0 gms. of

.--nitrostyrene

-nitrostyrene was dissolved in about 450

ml. of 95% undenatured ethanol and the solution degassed for
1/2 hour.

After this time the solution was irradiatekl for

2 hours with ultraviolet light while keeping the temperature
below 3500 and using continuous nitrogen flush.

The solution

turned slightly darker after the irradiation.
The solvent was concentrated with a rotary evaporator
down to a total volume of about 20 ml. and the product crystallized from solution.

1.5 gms. of a yellow solid which

melted at 56-5700 was recovered.

:he infrared scan showed

major peaks at 1620, 1500, 1480, 1435, 1)35, 1255, 1195, 1175,

96'..`, 835, 765, 730. 700 and 675 cm-1.

This infrared scan and

the melting point were identical to that of the starting
material.
VI.

Photochemistry and

as Chromatography Eeasurements of

_,..-1)nsaturated Nitro Compounds
(A)

=-methyl--nitrostyrene Irradiation and Measurement

of Photochemical :-'earrangement Products
Using the 20% SE-30 G.C. column at 1700C the retention
times of - -methyl--nitrostyrene and irradiation product
were found to be 7 and 8 1/2 minutes respectively.

Benzo-

phenone, with a retention time of 14 1/2 minutes, was chosen
as the internal standard and used in the molar ratio of 1:1
irradiation product:

benzophenone.

The average response

factor was found to be .569.
A solution was prepared by dissolving .5711 gms. (.0035
mols.) of :-methyl-?-nitrostyrene in about 450 ml. of 95%
undenatured ethanol.

The mixture was degassed with nitrogen

for 1/2 hour and then irradiated for 2 hours with continuous
nitrogen flush.

After the irradiation .6377 gms. (.0035

mols.) of benzophenone was dissolved in the reaction mixture.
The solvent was concentrated to a total volume of about 10
ml. by use of the rotary evaporator.

1.5

1 of this concen-

trated solution was injected into the 20',, SL-30 column of
the gas

chromatograph and the relative value of irradiation

product to benzophenone was determined.

An average value of

.513 was obtained which would correspond to a 90.2'7, yield of

1-phenyl-1,2-propanedione-1-oxime.
(B)

t'-ethyl-E-nitrostyrene Irradiation and Veasuremeht

of Photochemical :-:earrangement Products
Using the 20: SE-30 G. C. column at 1700C the retention
times of 6-ethyl-s-nitrostyrene and irradiation product were
found to be 8 1/2 and 12 1/2 minutes respectively.

Biphenyl

with a retention time of 5 1/2 minutes was chosen as the
internal standard and used in the molar ratio of 3:1 irradiation product:

biphenyl.

The average response factor was

found to be 1.86.
A solution was prepared by dissolving .6202 oils. (.0035
mols.) of s-ethyl-s-nitrostyrene in about 450 ml. of 9.5
undenatured ethanol.

The mixture was degassed with nitrogen

for 1/2 hour and then irradiated for 2 hours with continuous
nitT-ogen flush.

After the irradiation .1799 gms. (.0012

mols.) of biphenyl was dissolved in the reaction mixture.
The solvent was concentrated to a total volume of about 15
ml. by use of the rotary evaporator.

1 '01. of this concen-

trated solution was injected into the 20% SE-30 column of the
gas chroratoEraph and the relative value of irradiation product to biphenyl was determined.

An average value of 1.69

was obtained which would correspond to a 90.9: yield of 1phenyl-1,2-butanedione-1-oxime.

ci

o-methyl-e-methyl--nitrostyrene Irradiation and

leasurement of Photochemical Rearrangement Products
Using the 20;-- SE-30 G.

column at 1700C the retention

2,0

times of 0-methyl- -methyl- -nitrostyrene and irradiation
product were found to be 8 1/2 and 10 minutes respectively.
Biphenyl was chosen as the internal standard and used in the
ratio of 211 irradiation product:

biphenyl.

The average

response factor was found to be 1.5.
A solution was prepared by dissolving .072 gms. (.0036
mols.) of o-methyl- -methyl- -nitrostyrene in about 450 ml.
of 95% undenatured ethanol.

rhe mixture was degassed with

nitrogen for 1/2 hour and then irradiated for 2 hours with
continuous nitrogen flush.

After the irradiation .2699 gms.

(.0018 mols.) of biphenyl was dissolved in the mixture.

The

solvent was concentrated to a total volume of about 15 ml. by
use of the rotary evaporator.

2 ,l. of this concentrated

solution was injected into the 20% SE-30 column of the gas
chiomatograph and the relative value of irradiation product
to biphenyl was determined.

An average value of 1.46 was

obtained which would correspond to a 93.6
methylpheny1)-1,2-propanedione-l-oxime.

yield of 1-(0-

A minor product at

4 1/4 minutes was also noted.
(D)

Nitrostilbene Irradiation and I.easurement of

Ihotochemical Rearrangement Iroduct
Using a 105 Carbowax 20 Y, column at 170°C the retention
time of 1,2-diphenyl-ethanedione was found to be 5.6 minutes.
Nitrostilbene eluted with the solvent.

Naphthalene, with a

retention time of 9 minutes, was chosen as the internal standard and used in the ratio of 21 irradiation product:
naphthalere.

The average response factor was found to be

.950.
A solution was prepared by dissolving .7880 gms. (.0035
mols.) of nitrostilbene in about 450 ml. of 95% undenatured
ethanol.

The mixture was degassed with nitrogen for 1/2

hour and then irradiated for 2 hours under continuous nitrogen flush.

The irradiation mixture was then transferred quan-

titatively to a rotary evaporator and the solvent removed.
.2244 gms. (.00175 mols.) of naphthalene was added to the
residue and dissolved in 15 ml. of acetone.

1

1. of this

solution was injected into the Carbowax 20 r column of the
gas chromatograph and a relative value of irradiation product
to naphthalene was determined.

An average value of .836 was

obtained which would correspond to an 88.0% yield of 1.2diphenyl-ehtanedione-oxime.

A minor product at 4.2 min-

utes was also noted.
1-(2,4„6-trimethv1pheny1)-2-nitroethy1ene
Irradiation and 7,easurement of ihotochemical Rearrancement
Product
Using the 20% SE-30 G. C. column at 170°C the retention
times of 1-(2.4.6-trimethylpheny1)-2-nitroethylene and
irradiation product were found to be 16 and 10.7 minutes
respectively.

Biphenyl was chosen as the internal standard

and used in the ratio of 3:1 irradiation products

biphenyl.

Ihe average response factor was found to be 2.54.
A solution was prepared by dissolving .5737 ens. (.003
mols.) of 1-(2,4,6- rimethylpheny1)-2-nitroethylene In about

2
450 ml. of 95

undenatured ethanol.

The mixture was degassed

for 1/2 hour and then irradiated for 2 hours with continuous
nitrogen flush.

After the irradiation .1542 gins. (.001 mols.)

of biphenyl was dissolved in the reaction mixture.

The

solvent was concentrated to a total volume of about 15 ml.
with a rotary evaporator.

2 .1. of this concentrated solution

was injected into the 20% SE-30 column of the gas chromatograph and the relative value of irradiation product to biphenyl was determined.

An average value of 1.14 was ob-

tained which would correspond to a 44.9;". yield of what
appeared to be a cis/trans mixture of starting material.
Minor products were also noted at 7.2, 8.0, and 16.0 minutes.
mass spectrum, and infrared spectrum confirmed that
the irradiation product was the trans isomer of the starting
material.

The starting material appeared to be the cis

isomer.
(F) J-(2,4.6-trimethylpheny1)-2-nitroproylene Irradiation and V,easurement of Photochemical Rearrangement Iroduct
Using the 20% SE-30 G. C. column at 170°C the retention
times of 1-(2,4,6-trimethylpheny1)-2-nitropropylene and
irradiation product were found to be 14.8 and 11.9 minutes
respectively.

Biphenyl was chosen as the internal standard

and used in the ratio of 3:1 irradiation product:

biphenyl.

The average response factor was found to be 2.69.
L solution was prepared by dissolving .6180 gins. (.003
mols.) of 1-(2,416-trimethylpheny1)-2-nitropropylene in
about 45n ml. of 95% undenatured ethanol.

The mixture was

degassed for 1/2 hour and then irradiated for 2 hours with
continuous nitrogen flush.

After irradiation .1542 Ems.

(.001 mols.) of biphenyl was dissolved in the reaction
mixture.

The solvent was concentrated to a total volume of

about 15 ml. with a rotary evaporator.

2 _1. of this concen-

trated solution was injected into the 20% SE-30 column of the
gas chromatograph and the relative value of irradiation product to biphenyl was determined.

An average value of 1.63

was obtained which would correspond to a 0.6% yield of what
appeared to be a cis/trans mixture of starting material.
rinor products were also noted at 1.2, 4.7, 7.3, 8.5, 14.8,
and 18.1 minutes.

N.M.R., mass spectrum and infrared

spectrum confirmed that the irradiation product was a cis/
trans isomer of the starting material, with nitro and
aromatic group being cis.
(G)

1-( -naphthyl)-2-nitropropylene Ivradiaion and

leasurement of Photochemical Rearrangement Product
Using the 3% SE-30 G. C. column at 195°C the retention
times of 1-(e-naphthyl-2-nitropropylene) and irradiation product were found to be 4.5 and 6.6 minutes respectively.
Fluorene-9-one was chosen as the internal standard and used
in the ratio of 3:1 irradiation product:

fluorene-9-one.

The average response factor was found to be 1.35.
A solution was prepared by dissolving .7455 gins. (.0035
mots.) of 1-( -naphthyl)-2-nitropr.7pylene in about 450 ml.
of 95% undenatured ethanol.

The mixture was degassed for 1/2

hour and then irradiated for 2 hours with continuous nitrogen

After the irradiation .2100 gins. (.00175 mols.) of

flush.

fluorene-9-one was dissolved in the reaction mixture.

The

solvent was removed with a rotary evaporator and the residue
dissolved in about 15 ml. of acetone.

3 _1. of this solution

was injected into the 3% SZ-30 column of the gas chromatograph and the relative value cf irradiation product to fluorAn average value of .963 was ob-

ene-9-one was determined.

tained which would correspond to a 71.3% yield of 1-( naphthyl)-1,2-propanedione-1-oxime.

A minor product was

noted at 1.2 minutes.
VII.

Kinetic Studies of Stericly hindered ,

-Unsaturated

Nitro Compounds
(A)

Fhotochemical

earranrement of :-methyl-:-nitro-

wrene
A solution of .0035 mols. (.5705 gins.) of

-methyl- -

nitrostyrene was prepared in about 450 ml. of 95% undenatured
ethanol.

The solution was degassed with nitrogen for 1/2

hour and irradiated under continuous nitrogen flush.

A

1 ml.

sample was withdrawn after 0, 5, 10, 15, 20, 30, 45, 60, 90,
and 120 minutes and each sample diluted to 100 ml. with
undenatured ethanol.

The ultraviolet scan of these solutions

showed the absorption at 305 rim to be quickly disappearing
during the first 40 minutes.

A rate constant of 7.26 x 10-2

min-1 was obtained from the slope of a first order plot of
-Log(Absorbance) vs. Time.
be 9.55 minutes.

The half-life was calculated to

(B)

Fhotochemical RearranLement of

-ethyl- -nitro-

styrene
A solution of .0035 mols. (.6195

ms.) o

?-ethyl- -

nitrostyrene was prepared in about 450 ml. of 95% undenatured
ethanol.

The solution was degassed with nitrogen for 1/2

hour and then irradiated under continuous nitrogen flush.
A 1 ml. sample was withdrawn after 0. 5, 10, 15, 20, 30, 45,
(0. 90, and 120 minutes and each sample diluted to 100 ml.
with 95% undenatured ethanol.

The ultraviolet scan of these

solutions showed the absorption at 305 rim to be quickly disappearing, especially during the first 30 minutes.

A rate

constant of 9.E,3 x 10-2 min-1 was obtained from the slope of
a first order plot of -Log(Absorbance) vs Time.

The half-

life was calculated to be 7.20 minutes.
(C)

Photochemical Rearrangement of Nitrostilbene

A solution of .0035 mol. (.7875
was prepared in 550 ml. of 95

ms.) of nitrostilbene

undenatured ethanol.

The

solution was degassed with nitrogen for 1/2 hour and then
irradiated under continuous nitrogen flush.

A 1 ml. sample

was withdrawn after 0. 5, 10, 15, 20, 30, 45. (0, 90, and 120
minutes and each sample diluted to 100 ml. with 95% undenatured
ethanol.

The ultraviolet scan at :=0 showed an absorbance of

.767 at 315 rim.

After c minutes the absorbance had increased

and shifted to a lower wavelength.

The wavelength for the

maximum absorbance continued to shift until the nitro band
disappeared.

The plot of -Log(Absorbance) vs rime was plotted

using the absorbance at 315 run.

Since the e absorbances were

obtained by taking the values obtained off the side of the

r=o

larger absorbances the

point did not fall on this plot.

By superimposing theoretical peaks on the scans, a more realistic plot was obtained.
equal slopes.

Both plots had approximately

A rate constant of 7.37 x 10-2 min-1 was ob-

tained from the slope of the corrected curve.

The half-life

was .alculated to be 9.40 minutes.
(2)

lhotochemical :).earrangement of o-met.hyl--methyl-

-nitrostyrene
A solution of .0035 mols. (.6195 gins.) of o-methyl-methyl--nitrostyrene was prepared in about 450 ml. of 95%
undenatured ethanol.

The solution was degassed with nitrogen

for 1/2 hour and irradiated under continuous nitrogen flush.
A 1 ml. sample was withdrawn after 0. 5, 10, 15, 20, 25, 30,
40, 60, 90, and 120 minutes and each sample diluted to 100
ml. with 95‘i; undenatured ethanol.

:he ultraviolet scan of

these solutions showed the absorption at 305 nm to be quickly
disappearing during the first 40 minutes.

A rate constant

of 5.53 x lo-2 min-1 was obtained from the slope of a first
order plot of -L(Absorbance) vs Time.

The half-life was

calculated to be 12.53 minutes.
(E)

Photochemical Rearrangement of 1-(2 4,6-trimethyl-

pheny1J-2-nitroethylene
A solution of .0035 mols. (.6035 gms.) of 1-(2,4,6-trimethylpheny1)-2-nitroethylene was prepared in about 500 ml.
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of undenatured ethanol.

The solution was degassed with

nitrogen for 1/2 hour and irradiated under continuous nitrogen
flush.

A 1 ml. sample was withdrawn after 0, 5, 10, 15, 20,

30, 40, 60, 90, and 120 minutes and each sample diluted to
100 ml. with 95: undenatured ethanol.

.he ultraviolet scan

of these solutions showed the absorption at 333 rim to decrease
sharply in the first 20 minutes and then to decrease at a
much slower rate during the remainder of the irradiation.
The first order plot of -Log(Absorbance) vs Time cave a rate
constant of 1.56 x 10-1 min-1 and half-life cf 4.44 minutes
for the fast cis/trans

isomerism occuring in the first 20

minutes of irradiation.
(F)

Photochemical FlearrantTement of 1-(2,4,6-trimethyl-

pheny_1)-2-nitrorropylene
A solution of .0035 mols. (.t85 gms.) of 1-(2,4,6trimethylpheny1)-2-nitropropylene was prepared in about 500
ml. of 95% undenatured ethanol.

The solution was degassed

with nitrogen for 1/2 hour and irradiated under continuous
nitrogen flush.

A 1 ml. sample was withdrawn after 0, 5, 10,

20, 30, 40, 60, 90, and 120 minutes and each sample
diluted to 100 ml. with 95:' undenatured ethanol.

The ultra-

violet scan of these solutions showed the absorption at 310
nm to decrease sharply in the first 20 minutes and then to
decrease at a much slower rate during the remainder of the
5rradiation.

:he first order plot of -Lo(Absorbance) vs

Time gave a rate constant of 1.34 x 10-1 min-1 and a half-

life of 5.17 minutes for the fast cis/trans isomerism occuring in the first 20 minutes of irradiation.
(G)

Photochemical Rearrani;ement of 1-(,-naphthyl)-2-

nitropropylene
A solution of .003 mols. (.6)90 gms.) of 1-(--naphthyl)2-nitropropylene was prepared in about 500 ml. of 95% undenatured ethanol.

The solution was degassed with nitrogen

for 1/2 hour and irradiated under continuous nitrogen flush.
A 1 ml. sample was withdrawn after 0, 5, 10, 15, 20, 30, 40,
60, 90, and 120 minutes and each sample diluted to 100 ml.
with 95% undenatured ethanol.

The ultraviolet scan of these

solutions showed the absorption at 325 nm to be quickly
disappearing during the first 30 minutes. A rate constant
_4
of 1.22 x 10 -min-1 was obtained from the slope of a first
order plot of -Log(Absorbance) vs Time.
calculated to be 5.68 minutes.

The half-life was

CHAPTER IV
RESULTS
A series of twelve
prepared.

1, -unsaturated nitro compounds were

These compounds along with their structures and

melting points (or boiling points) are outlined in Table I.
All these (1,6-unsaturated nitro compounds, except 6 -nitrostyrene which was purchased commercially, were synthesized
using the method of Robertson.27

The synthetic method of

Gairaud and Lappin26 was also used successfully in the preparation of 6-methy1-6-nitrostyrene and 6-ethy1-6-nitrostyrene.
The a-oximinoketones were prepared by ultraviolet irradiation of the corresponding I,6-unsaturated nitro compound
using the method previously described in the Experimental
Section.

Oximes were obtained from 6-methyl-6-nitrostyrene,

F-ethyl-6-nitrostyrene, nitrostilbene, o-methy1-0-methyl—snitrostyrene, and 1-(6-naphthyl)-2-nitropropylene.

Y.elting

points of the recrystallized products are shown in Table II.
Rearrangement to the oxime did not occur for 6-nitrostyrene,
o-methyl-6-nitrostyrene, 1-(2,4,6-trimethylpheny1)-2-nitroethylene, 1-(2,4,6-trimethylpheny1)-2-nitropropylene, 1-(anaphthyl)-2-nitroethylene, 1-(,1-naphthyl)-2-nitropropylene,
and 1-(6-naphthyl)-2-nitroethylene.
:.ass spectral data on seven of the 1. -unsaturated nitro
compounds and 1-(6-naphthyl)-1,2-propanedione-1-oxime is
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shown in Table III.
Irradiation product yields were determined by gas chromatography using the method of Rosie and Grob.25

Retention

times for related compounds are shown in Table IV.

It was

necessary to use three different gas chromatography columns
to effectively separate starting materials, products and
internal standards.

7esponse factors for oxines and irra-

diation products of 1-(2,4,6-trimethylpheny1)-2-nitroethylene
and of 1-(2,4,6-trimethylpheny1)-2-nitropropylene were
determined using various internal standards.
shown in Table V.

This data is

The yields of oximes as determined by gas

chromatography are given in Table VI.

Oximes were not ob-

tained in the cases of 1-(2,4,6-trimethylpheny1)-2-nitroethylene and 1-(2,4,6-trimethylpheny1)-2-nitropropylene.

However,

a different cis/trans isomer mixture was obtained from the
irradiation and the yields of these products are shown in
Table VI.
olutions of each of seven ,-4nsaturated nitro compounds
which formed rearrangement products were prepared ranging
from .003 to .0036 mols. and a kinetic study was made.

Each

solution was irradiated for a total of two hours and samples
were withdrawn during this time.

The progress of the reaction

was monitored by running a u.v./visible spectrum of each
sample from 400 rim to 200 mm.

Examples of some of these

spectra are shown in Figures I through VII.

Kinetic data

for these seven compounds is given in Tables VII through
XIII.

t,1

A first order plot of -Log(Absorbance) vs rime is shorn in
Figures VIII through XIV.

The specific rate and half-life

is given for each of the seven compounds in Table XIV.
rate comparison of the formation of ,-oximinoketones is
shown in Table XV.
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TABLE I
. -UNSATURATED NITRO COMPOUNDS

C OMP OUN D NAI1E

-NITROSTYRENE
II

- -METHYLITR°STYRENE

STRUCTURE

„H
NO2
H„C
NO2

-

III

- -ETHYL'-N ITROSTYRENE

M.F (B.F.)
6
C

H.
Cm-C'C2H5
NQ
H.
NO2

IV

NITROSTILBENE

V

o-M ETHYL-N ITROSTYRENE

VI

o-METHYL-METHYL-N ITROSTYRENE

VII

1-(2.4,6-TRIMETHYL- H
PHENYL)-2-NITRO.
ETHYLENE

56-57

58-59

26

63-64

64-65

26

(120-169)

73-74

Ch3
C:
H3N0a

44-45

IX

1-( ,-NAPHTHYL)2-N ITORETHYLENE

87-88

1-( -NAPHTHYL)2-N ITR°ETHYLENE

X II

1-( -NAPHTHYL)2-N ITROPROPYLEN E

27

46-47

7

65-66

37

124-125

58-59.5

XI

73-74

H3NO2
/ H N°2.

,CH3
H
1-(2,4,6-TRIMETHYLH
PHENYL)-2NO
\-)
•H
cN ITROPROPYLENE
3
CH3

1-( ,-NAPHTHYL)2-N ITR OP R OPYLEN E

28
(125-129)

(158-174)

NO

VIII

X

.P.(B.F.)
dC REPORTED

-NO2.
C H-1
'C=CZ
NO2
H

,H

67-68
123.5-124.5

'NO2.
94-95

TABLE II
1--OX MIN °KETONES SYNTHESIZED BY ULTRAVIOLET IRRADIATION
0
Ar-C-C-R
I
NOR

NO.

COMPOUND NAME

Ar.
.

R.

0
Ari.P. C

I

1 -PHEN YL1,2-PR OP AN EDIONE-1-0X DIE

PHENYL

METHYL

171-172

1 -PHEN YL-

PHENYL

ETHYL

152-153

II

(REPORTD)
h:.P.

166-16732

1,2-BU TAN EDIME- 1-0X IME

III

1,2-DIPHENYLETHAN E-DIONE0X IME

PHENYL

PHENYL

137-138

32
137

IV

1-(o-METHYLPHENYL)-1,2PRCPANEDIONE1-0X ME

o-METHYL METHYL
-PHENYL

139-140

130-1407

V

1-(3 -NAFHTHYL)1,2-PR()PANED IONE- 1 -OXBE

-NAFHTHYL METHYL 156-157

TABLE III
MASS SPECTRAL DATA

COEPOUND NAME

OLECULAR WEITHT

PARENT PEAK

0-METHYL-sN ITR OS TYRENE

163.18

163

1-(2,4,6-71 DIETHYLPHEN YL)-2-N ITR OETHLENE

191.23

191

1-(2,4,6-TRIMETHYLPHENYL)-2-N ITROPROPYLENE

205.26

205

1-('1-NAPHTHYL)-2N ITR CETHYLEN E

199.21

199

1-( -NAPHTHYL)-2N ITROPROPYLEVE

213.24

213

1-( ,-NAPHTHYL)-2N ITR OETHLEN E

199.21

199

1-(;,-NAPHTHYL)-2N ITROPROPYLENE

213.24

213

1-( -NAPHTHYL)-1 ,
2-PROFANED oriE1-OX IME

213.24

213
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TABLE IV
G.C. RETENTION TIMES OF VARIOUS COMPOUNDS

COMPOUND
NAME

-METHYL- -NITROSTYRENE
-ETHYL- -NITROSTYRENE
NITROSTILBENE
o-METHYL- -NITROSTYRENE
o-METHYL-- -METHYL- -NITROSTYRENE
1-(2.4,6-TRIMETHYLPHENYL)-2NITROETHYLENE
1-(2.4,6-TRIMETHYLPHENYL)-2NITROPROPYLENE
1-( -NAPHTHYL)-2-NITROFROFYLENE
1-( -NAPHTHYL)-2-NITROPROPYLENE
BENZOPHENONE
BIPHENYL
NAPHTHALENE
1-FHENYL-1,2-PROPAVEDIONE-1-OXIME
1-PHENYL-1,2-BUTANEDIONE-1-OXIME
1.2-DIPHENYL-ETHANEDIONE-0X1ME
1-(o-METHYLFHENYL)-1,2-PROPANEDIONE1-OXIME
1-(2.4,6-TRIMETHYLPHENYL)-2NITROETHYLENE
1-(2,4,6-TRIMFTHYLPHENYL)-2NITROPROPYLENE
1-( -NAPHTHYL)-1.2-FROPANEDIONE1-OXIME
BENZALDEHYDE
o-TOLUALDEHYDE
BENZALDEHYDE
2-NAPHTHALDEHYDE
1-NAIHTHALDEHYDE
FLUCRENE-9-ONE
* GAS CHROMATOGRAPH COLUMNS:
NO. 1 - 20% SE-30
NO. 2 - CARBOWAX 20M
NO. 3 - 3% SE -30

G.C.
COLIAN NO.

RETENTION
TIME, MIN.

1
1
2
1
1

7.0
8.5
.5
8.3
8.5

1

16.0
14.8

3
3
1
1
2
1
1
2

3.0
4.5
14.5

5.5
9.0
8.7
12.5

5.7

1

10.1

1

10.7

1

11.9

3

6.6

1
1
2

1.0
1.6
4.2
1.1
1.0
2.0

3
3
3

TABLE V
GAS CHRMATOGRAPHY INTERNAL STANDARDS, MOLAR RATIOS USED,
AND RELATIVE RESPONSE FACTORS FOR IRRADIATION PRODUCTS

IRRADIATION
PRODUCT

INTERNAL
STANDARD

1-PHENYL-1,2-PROPANEDIONE-1-OXIME

BENZOPHENONE

1:1

1-PHENYL-1,2-BUTANEDIONE-1-OXIME

BIPHENYL

3:1

1,2-DIPHENYL-ETHANEDIONF-OXIME

NAPHTHALENE

2:1

1-(o-METHYLPHENYL)-1,2PROPANEDIONE-1-OXIME

BIPHENYL

211

1.56

1-(2.4,6-TRIMETHYLPHENYL)-2-NITROETHYLENE

BIPhENYL

3:1

2.54

1-(2,4,6-TIMETHYLPHENYL)-2-NITROPROPYLENE

BIPHENYL

3:1

2.69

1-( -NAPHTHYL)-1,2FROPANEDIONE-1-OXIME

FLUORENE-9-ONE

3:1

1.35

MOLAR RATIO
IRRAD. PROD:
INTERNAL sm.

RELATIVE
RESPONSE
FACTOR

.569

1.86

.950

:ABLE VI
IRRADIATION PRODUCT YIELDS OBTAINED BY GAS CHRMATOGRAPHI

IRRADIATION PRODUCT

AREA OF PRODUCT
RESPONSE = AREA OF INT. STD. *YIELD

1-PHENYL-1,2-PROPANEDIONE1-OXIME

1-PHENYL-1,2-BUTANEDIONE1-OXI1E
1,2-DIPHENYL-ETHANEDIONEOXIME

.513

1.69

.836

90.2

90.9

88.0

1-(o-METHYLPHENYL)-1,2PROPANEDIONE-1-OXIME

1.46

93.6

*1-(2,4,6-TRIMETHYLPHENYL)2-NITROETHYLENE

1.14

44.9

*1-(2,4,6-TRIMETHYLPHENYL)2-NITROPROPYLENE

1.63

60.6

1-(-NAPHTHYL)-1.2-PROPANEDICNE-1-0XIME

.963

*cisjtrans isomerism irradiation product

71.3
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TABLE VII
U.V./VISIBLE SPECTRAL DATA FOR 6-METHYL--NITROSTYRENE FMK
T=0 TO T=120 YINUTES IRRADIATION TIME
xmax=305 nm

*ABSORBANCE OF NO
BAND AT 305 nm 2

-LOG(ABORBANCE)

0

.897

.0472

5

.781

.1073

10

.435

.3615

15

.313

.5513

20

.190

.7212

30

.122

.8996

45

.015

1.8239

60

.001

./",. 0

90

0

-

120

0

-

*ABSORBANCE=iabcorbance obtained-absorbance obtained at 120
minutes) where absorbance at T=120 minutes was .026.

r,C)

TABLE VIII
U.V./VISIBLE SPECTRAL DATA FOR --ETHYL--NITROSTYRENE FRM
TO TO T=120 MINUTES IRRADIATION TIME
).max=305 rim

TIME ,min.

*ABSORBANCE OF NO,
BAND AT 305 nm

-LOG(ABSORBANCE)

.822

.0851

5

.15

.1733

10

•335

.4750

15

.186

.7305

20

.1.07

.9706

30

.044

1.3565

45

.002

2.6990

.002

2.6990

90

.004

2.3980

120

0

*AESORBANCE=(absorbance obtained-absorbance of 120 minutes)
where absorbance at T=120 minutes was .020.

60
TABLE IX
U.V./VISIBLE SFECTRAL DATA FOR 1:ITROSTILBENE FROM TO TC
T=120 MINUTES IRRADIATION TIME
, max=315

TIME ,min.

*ABSORBANCE OF NO
2
BAND AT 315 nm

-LOG(ABSORBANCE)

UNCORRECTED

CORRECTED

UNCORRECTED

CORRECTED

0

.725

.725

.1397

.1397

5

.830

10

.623

.415

.2055

.3820

15

.533

.265

.3143

.5768

20

.320

.180

.4949

.7447

30

.115

.065

.8182

1.1871

45

0

0

90

C

0

'120

0

0

.0835

-

-

60

*ABSCRBANCE=(absorbance obtained -absorbance at 120 minutes)
where absorbance at 120 minutes was .037.
Corrected values were corrected for cs/trans isomer
absorption by superimposing a theoretical peak on the graph.
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TABLE X
U.V./VISIBLE SPECTRAL DATA FOR o-MET1Y1-?-1METHYL-S-NITROSTYRENE FRO! T=0 TO T=120 MINUTES IRRADIATION TIME
rnax=305 nm

TIME ,min.

*ABSORBANCE OF NO
2
BAND AT 305 nm

0

.678

.1688

5

.572

.242e

10

.328

.4841

15

.204

.6904

20

.170

.7696

.149

.8268

.110

.9586

.084

1.0757

.024

1.6198

60

-LOG(ABSORBANCE)

0
120

0

*ABSORBANCE=(absorbance obtained-absorbance at 120 minutes)
where absorbance at 120 minutes was .033.

TABLE XI
U.V./VISIBLE SPECTRAL DATA FOR 1-(2,4,6-TR1METHYLPHENYL)-2NITROET1{YLENE FROM TO TO T=120 IINUTES IRRADIATION TIME
xmax=305 nm

TIME min.

*ABSORBANCE OF NO,
BAND AT 333 nm

-LOG(ABSORBANCE)

0

.933

.0301

5

.584

.2336

10

.196

.2077

15

.079

1.1024

20

.054

1.2676

30

.051

1.2924

40

.01.1-5

1.3468

60

.045

1.4559

90

.016

1.7959

120

0

*ABSORBANCE=(absorbance obtained-absorbance at 120 minute)
where absorbance at 120 minutes was .080.

TABLE XII
U.V./VISIBLE SPECTRAL DATA FOR 1-(2,4,6-TRL.:ETHYLPEENYL)-2NITROPROPYLENE FROY, T=0 TO T=120 !ilINUTES IRRADIATION TIM:
xmax=310 nm

TIME,min.

*ABSORBANCE OF NC,
BAND AT 310 nm

-LOG(AB:ARBANCE)

.300

.5229

5

.212

.6737

10

.087

1.005

15

.036

1.4437

20

.028

1.5528

30

.020

1.6990

.020

1.6990

60

.020

1.6990

90

.005

2.3010

120

0

*AKO23ANCE=(absorbance obtained -absorbance at 120 minutes)
where absorbance at 12C minutes was .088.

TABLE XIII
U.V./VISIBLE SPECTRAL DATA FOR 1-(-NAPHTHYL)-2-NITROPROPYLENE
FROM T=0 TO T120 MINUTES IRRADIATION MIKE
Amax=325 rim

TINE ,min.

*ABSORBANCE OF NO
2
BAND AT 325 nm

-LOG(ABSORBANCE)

.896

.1477

5

.549

.2604

10

.223

.6517

15

.121

.9172

20

.077

1.1135

30

.016

1.7959

40

0

60

0

90

0

120

*ABSORBANCE=(absorbance obtained-abcorbance at 120 minutes)
where absorbance a-6 120 minutes was .084.

TABLE X IV
SPECIFIC RATE CONSTANT AND HALF-LIFE DATA FOR IRRADIATION
PRODUCTS OF a,S-UNSATURATED NITRO COM1-OUNDS

IRRADIATION PRODUCT

RATE CONSTANT min.-1

HALF-LIFE ,min.

1-PHEN YL- 1,2-I'ROPANEDIONE-1-0X

7.26 x 10-2

9.55

1 -PHEN YL-1,2-BU TANEDI ONE-1-0X ME

9.63 x 10-2

7.20

_0
7.37 x 10 -

9.40

1-(o-I,ETHYLPHENYI)-1,2PROPANEDIONE-1-OXIE

5.53 x 10-2

12.53

*1-(2,4,6-TR'METHYLPHEN YL)-2-N ITR OETHYLEIE

1.56 x 10-1

*1-(2,4,6-IR METHYLPHENYL)-2-N ITROPROPYLENE

1.34 x 10-1

1-( -NAPHTHYL)-1,2R OPANEDION E-1-0X

1.22 x 10-1

1,2-D IP MEN YL-ETHAN ED IONE-OX DIE

*c is/trans isomerism irradiation product

5.17

TABLE XV
RATE COMPARISON FOR FORMATION OF
1-OXIMINOKETONE-RELATIVE RATES

*RELATIVE RATE

Ar

PHENYL

METHYL

PHENYL

ETHYL

PHENYL

PHENY1

-NAPHTHYL
o-METHYL-PHENYL

METHYL
METHYL

*RELATIVE RATE=
Rate of disappearance of ,,-netnyl--nitrostyrene
Rate of disappearance of the -1,1k-unsaturated nitro cmpd.
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CHAPTER V
DISCUSSICN
When the nitro-nitrite rearrangement was first discovered by Chapman and co-workersl it was proposed that steric
factors played an important role in the mechanism.

I

methyl- -nitrostyrene the E -methyl group was believed to cause
the

-nitro group to be forced out of the plane of the

ethylene group, and this out-of-plane configuration greatly
facilitated the rearrangement to 1-phenyl-1,2-propanedione1-oxime.

In contrast, f-nitrostyrene does not have a 6 --

methyl group and the nitro-nitrite rearrangement has not been

reported for this co-pound.

Substituents other than the

methyl group on the :-position of

-nitrostyrene compounds

will lead to a photochemical rearrangement to the ,-oximinoketone.

J-oximinoketones have also been reported fi.om irra-

diation of

-ethyl-p-nitrostyrene 3 and nitrostilbene- (.-

phenyl--nitrostyrene).
We found that

-nitrostyrene could be recovered in 75;L

yield in pure recrystallized form after 2 hours of ultraviolet
irradiation.

However, addition of a —methyl group to this

compound caused the formation of 1-phenyl-1,2-propanedicnel-oxime in greater than 90'/, yield.
ketones were prepared from

81

Similarly,

--oximino-

-ethyl--nitrostyrene and nitro-

F2
stilbene in 90.9 and MO; yield respectively.

We found

that the a-oximinoketone could also be prepared by photolysis
of 1-(-naphthyl)-2-nitropropylene in 71% yield but not from
1-(S-naphthyl)-2-nitroethylene which does no; contain a
methyl group.

3-

o-methyl-B-nitrostyrene did not rearrange

whereas o-methyl-S-methyl-S-nitrostyrene rearranged to form

93.65 1-(o-methylpheny1)-1,2-propanedione-1-oxime upon irradiation.

The yields of 1-oximinoketones prepared for this

study are shown in Table VI.
In each case where the nitro-nitrite rearrangement did
occur it was noted that a
present.

(or aryl) substituent was

This evidence leads us to believe that an alkyl

(or aryl) substituent on the

--position of a,s-unsaturated

nitro compounds is indeed a key factor leading to the photochemical rearrangement of these compounds.
The results of a kinetic study performed on s -alkyl (or
aryl) a,B-unsaturated nitro compounds is shown in Table XIV.
No large effect on the rate of rearrangement was found in
using larger substituents on the s-position.

We found that

the rate of rearrangement increases somewhat when going fror
a 6 -methyl to a S-ethyl group, but the rate does not show a
noticeable increase when a --phenyl group is present.

The

lack of rate increase for nitrostilbene (-phenyl--?-nitrostyrene) might be indicative of a limit to the bulk required
to cause the cut-of-plane configuration of the :-nitro group.
Another important consideration in the case of nitrostilbene.

however, is the possibility that cis/trans isomerism might
be competing with the photochemical rearrangement to the ,oximinoketone.

In Figure III it can be seen that

max appears

to shift to a lower wavelength and the extinction coefficient
increases.

:he \max for nitrostilbene at 315 rim appears as

a shoulder on the side of a large absorption after 10 minutes
irradiation time.
Finhey and Rizzardo5 have reported that cis-nitrostiltene was converted in high yield to benzil monoxime.

If the

cis form of nitrostilbene is the reactive species in the
nitro-nitrite rearrangement, it is possible that isomerism to
the trans form could compete with rearrangement to the oximino-

H,
.0 C

I

h

=
NO2

H

NO
2

H

ONO

trans
'

cc
N
0

LI;

LVI

c--c
oN H o
LVIII

(.9

ketone.

This is not an unreasonable assumption since the cis-

form appears to be less stericly hindered near the

-nitro

group and might tend to undergo the rearrnIgement more readily.
A significant rate increase was found for the photochemical rearrangement of 1-(6-naphthyl)-2-nitropropylene.
a-oximinoketone was formed in

The

71% yield at a rate almost

twice as fast as that of ?-rethyl-s-nitrostyrene.

This increase

in rate might be due to the greater aromaticity of the naphthyl group compared to that of the phenyl group.

It may be

noted that 9-nitroanthracene undergoes a very facile nitronitrite rearrangement while 1-nitronaphthalene shows much
less tendency to rearrange and nitrobenzene rearranges very
slowly.

Although the 1-oxime of o-methyl-?-methyl-B-nitro-

styrene was formed in 93.6% yield, the rate for this formation was .76 that of the rate for formation of the oxime
of t-methyl-3-nitrostyrene.

The addition of the o-methyl

group had the effect of slowing down the rearrangement.
The effect of adding a second o-methyl group to the
aromatic ring was to completely stop the photolytic formation
of an a-oximinoketone.

A fast cis/trans isomerization followed

by slow fragmentation was observed for both 1-(2,4,6-trimethylpheny1)-2-nitroethylene and 1-(2,4,6-trimethylpheny1)-2-nitropropylene.

H3C H

„CI-13
NO2

H

H C

t=Cj\j°2
CH3

CH3
I TY

NO2
HI3
C
i
H
H3

C
CH3

LXI

The photolytic formation of an 1-oximinoketone from these
compounds is probably inhibited because the ethylene group
is forced out of the plane of the aromatic ring by the two
o-methyl groups.

This out-of-plane configuration of the

ethylene group (LXI) precludes effective resonance interaction between the aromatic ring and the ethylene group.

As

a result, resonance stabilization by the aromatic ring is not
Stabilization by the aromatic ring apparently

possible

plays an important role in the nitro-nitrite rearrangement.
A similar situation occurs for 1-(1-naphthyl)-2-nitropropylene (LXII).

The ethylene group lies between a peni

hydrogen and an ortho hydrogen.

There is probably enough

H3
H

02
,C

HH

H
T

NO2

Pe
steric interaction between the 6 -nitro group or the
methyl group with the ortho and peri hydrogen to cause Lhe
ethylene group to be forced out of the plane of the naphthyllene ring.

:his is probably not the case for 1-(6-naphthyl)-

2-nitropropylene (LXIII) since there 13 less steric interaction.

The t-oximinoketone was recovered in 71% yield in

the latter case whereas in the former case only a mixture
of fragmentation products was obtained.

CHAPTER VI

The primary function of this study was to investigate
steric factors involved in the nitro-nitrite rearrangement.
We found that jr every case where there was no 5-alkyl (or
aryl) substituent an t-oximinoketone could not be prepared
photolyticly.

It must therefore be concluded that a

(or aryl) substituent on a,S -unsaturated nitro compounds is
a necessary ingredient in the nitro-nitrite rearrangement.
nhe size of ?-alkyl substituents on these compounds can cause
the rate of rearrangement to increase.

The rate of rearrani7e-

ment of c-ethyl-f-nitrostyrene for example was 1.33 times
that of

--methyl-F-nitrostyrene (see Table XV).

The rate,

however, might be slowed if a very large substituent is present
on the :-position.

The rate of rearrangement for nitrostil-

bene was found not to increase significantly over that of -methyl- - -nitrostyrene.

The role of cis/trans isomerism has

not teen investigated in this study but was noted to occur in
the cases of nitrostilbene, 1-(2,406-trimethylpheny1)-2-nitroethylene, and 1-(2,4,6-trimethylpheny1)-2-nitropropylene.
Ortho substituents on the aromatic ring of t,

-un-

saturated nitro compounds was found to cause inhibition of the

PP
rearrangement to 1-oximinoketones.

.Ith only one orthu

methyl group (e.g. o-methyl--methyl-s-nitrostyrene) there
is a reduction in rate but no: in the yield of the ,xime
(93.65).

When two ortho methyl groups are present (e.g. 1-

(2,4,6 —trimethylpheny1)-2-nitropropylene) photolytic fromation of an a-oximinoketone is completely stopped.
The steric hindrance from a pert and ortho hydrogen of
1-(t-naphthyl)-2-nitropropylene is enough to inhibit photolytic formation ol an A-cximinoketone.

In contrast the 1-

oximinoketone of 1-(-naphthyl)-2-nitropropylene was
formed in 71% yield at a rate 1.68 times that of
-nitrostyrene.

-methyl-
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